The low to high--field transition in KZnF3 : Cr3+ , induced by external pressure was observed through photoluminescence measurements at room temperature, T = 90 K and T = 20 K. Direct measurement of the lowest electronic level separation L, was accomplished through the low temperature experiments. Pressure coefficients of L are given. Emission spectra of KZnF3 : Cr3+ obtained at several pressures and temperatures in the range [20 K -90 K] allow for the construction of a Tanabe-Sugano type diagram illustrating the transition from low-to high-crystal-field regime for cubic and distorted centers. Assignments of sharp lines are given based on the analysis of these diagrams, time-resolved spectroscopy and transition lifetime. Emission measurements were performed at atmospheric pressure and low temperature outside the pressure cell and also at several pressures for KZnF : Co2+ . Comparing the zerophonon line positions and using the phonon dispersion relation of the host material the fine structure in the emission spectrum of KZnF3 : Co2+ was identified. Pressure coefficients were obtained for several among the emission lines from which the values for zero-phonon lines were deduced. Analysis show that the spin-orbit parameter changes with pressure are negligible in KZnF3 : Co2+.
INTRODUCTION
Tunable solid state lasers available, operates in the infrared with laser-gain that matches the commercial dye lasers ' and offers enhanced ifim'5 The search for new solid-state laser materials is directed at extended wavelength coverage, specially toward the optical region and the far-infrared (beyond 1.1 ,am), where dye laser action is still missing. Transition metal ions (Ti3+ , 2, Cr3±, Co2+ and Ni3+ ) usually behave as vibronically-tuned solid-state lasers.68 The transition metals of the iron group lose some outer electrons in forming ionic bonds, resulting in electronic configurations with incomplete 3d shells. The optically active 3d electrons interact strongly with electric fields of nearby ions. As a consequence, the electronic levels of the 3d' ions in crystal-field sites are modulated by internal electric fields oscillating at frequencies of the lattice ' The problem is usually treated in the static crystal field approximation of the average lattice and then the dynamic crystal field effects, are considered as separate contributions. In terms of a static crystal field, the strong-field model adopted by Tanabe and Sugano,°r esulted in energy-level diagrams for several 3d' ions, which have been currently used as a first approach to the problem. In these diagrams the energy is plotted as a function of Dq/B, where Dq is the crystal-field characteristic parameter and B is one of the free-ion Racah parameters. This simple crystal-field model neglects the effects of lattice vibrations and the electronic states are sharply defined in energy, regardless of the Dq/B value. By considering the electron-lattice interaction, it is usual to distinguish between weak and strong crystal fields by taking as limit the Dq/B value at the crossover point of some low lying electronic levels. In the weak-crystal-field regime the electronic level is modulated by phonon interactions and the transitions involving this level are observed as broadbands rather than the sharp lines characteristics of pure electronic transitions. Much of the recent research has been directed at 3d' ions in weak-crystal-field sites where the emission is broadband. In the near-infrared region (700 nm -1.1 pm) laser action is achieved with A1203 : Ti3+ at room temperature. Cr3+ in fluoride allows extending laser action into the optical region up to '-650 nm, under pressure and at low
The laser performance of KZnF3 : Cr3+ as room-temperature operation, tunability in the optical region and high efficiency, stimulated much research on its spectroscopic properties.11 '6 The emission of KZnF3 : Co2+ occurs at the far-infrared, beyond the limit wavelength coverage of tunable lasers and the band is broader than those of known laser-materials yielding a wider range of tunability. As those materials offer unmatched possibilities as tunable laser materials, they are interesting candidates for further investigations.
We recently reported on the crossing of the electronic levels by measurements of luminescence at both, room temperature and T = 90 K on KZnF3 : Cr3+ 10 This material exhibits pure 1'2 behavior at low pressures (for either temperature value), but the crossing is within the working range of available cells. The room temperature results allowed observation of the crossing through the behavior of broad emission bands. At low temperatures zero-phonon lines, ZPLs, were used. As a result, the pressure that reduces the separation E to zero, P, was determined at both room temperature and T = 90 K. For lower temperature values the emission from different centers is resolved. In this case distinct Pc values for those centers were 17 The emission spectrum of KZnF3 : Co2+ was identified by us and pressure coefficients obtained for several zero-phonon lines shows negligible changes of spin-orbit parameter with pressure in KZnF3 : Co2+ 18
EXPERIMENTAL
The single crystals of KZnF3 : Cr3+ were grown by using Bridgman's method, from a stoichiometric proportion of KF and ZnF2 , and doping with CrC13 (3%). The crystals thus prepared have perovskite structure with three different centers of Cr3+ . Previous EPR results on this material indicate dominant contribution of cubic symmetry ( about 90 % of the centers), and a considerable amount of trigonally distorted centers 10 %).19 Tetragonal symmetry centers occur with much lower abundance. A thin, (001)-oriented slice was cut, and polished to 70 m slabs from which the samples were selected. A Membrane Diamond Anvil Cell, MDAC loaded with Ar was employed to produce hydrostatic pressure.2° The shift of the R-line of either MgO:V2+ or rubi served the purpose of calibrating the pressure. These shifts were measured using by the line 877.67 nm of a Kr lamp as reference and the rate of 5.45 A /GPa. 21 Correction for low temperature shifts were based on results given ifl an earlier publication. 22 The excitation was achieved with the 514.5 nm line of an Ar ion laser, the 632.8 nm line of a He-Ne laser or the 628.0 nm line of a cw tunable dye laser operating with DCM dye. Analysis was made with a Spex Thplemate 1877 linked to a Hamamatsu R943-02 photomultiplier and photon counting detection. The single crystals of KZnF3 : Co2 were grown by the Czokralski method with Co incorporation at a concentration of 0.8 mol % (1.2 *1020 ions/era3). In this case the measurements were performed with a Spex 1870 monochromator and a Ge detector from North Coast Sci. . Low temperature was achieved by using a closed helium cycle Heli-Tran and 3700 ADP temperature controller (Air Products Chemicals Inc.), associated with an Au (0.07 % Fe)-Chromel termocouple.
RESULTS AND DISCUSSIONS

KZnF3:Cr3
The success of the crystal field approximation in predicting the electronic level diagrams of ions of octahedral sites in a variety of host crystals, is well known.9 Of present interest are the lowest lying levels of Cr3+ ions, which can be either 4T2 or 2E depending on the crystal field strength. The signature of the 4T2 emission energy is its high sensitivity to crystal field while the 2E emission energy, on the other hand, is constant. This energy sensitivity is a consequence of the symmetries: both the 2E state and the ground state 4A2 arise from the (t2g)3 electronic configuration, while the 4T2 state derives from the (t29)2e9. 21 The electronic levels acting as laser levels produce a broad absorption band, due to phonon assisted 4T2 -4A2 transitions. 23 The corresponding emission, in the near infrared spectral region, can be shifted toward the visible by application of external pressure. The limit is established by the crossing of 4T2 and 2E levels. The separation of the zero vibrational states of these levels is usually labelled as z (in the absence of lower symmetry fields and spin-orbit coupling). Therefore, it is important to study the behavior of L\ with pressure. Some experimental results in this area are restricted to small L\ crystaLs and room temperature (RT) measurements.21"3 Since the zero-phonon line merges into the broad '2 emission band at RT these studies do not directly measure & The distinction between low-field and high-field in octahedral chromium complexes is the sign of the separation z. For weak crystal fields, the 4T2 excited state lies below the 2E state and L is negative. For stronger crystal fields the minimum energy state is 2E and L is positive. The characteristic of 4T2 -+4A2 transitions is the high sensitivity of the emission energy to crystal field variation. The 2E .-4A2 transition energies, on the other hand, hardly change with crystal field. As a consequence, the shifts of the 4T2 emissicn are responsible for the L\ dependence on crystal field within a few percent. The crystal field parameter is a strongly varying function of pressure, but a slowly varying function of temperature, over the region currently investigated (0 -300 K) 14 To analyze the effect of pressure on L, we first selected two values of temperature, room temperature and T = 90 K. Figure 1 shows photolummescence spectra of KZnF3 : Cr3+ taken at room temperature and several Dressures up to P =12.5 GPa.
The spectrum labelled 0.0 GPa in Fig. 1 can be assumed to be due to pure spin allowed 1'2 -+4A2 transitions, because the magnitude of L at ambient conditions is much larger than the spin-orbit interaction energy. On increasing pressure, the broadband was observed to shift to higher energies at a constant rate up to pressures of about 8 GPa. On increasing further the pressure, the emission spectrum changes qualitatively. Above 9 GPa it consists of a highly structured region superimposed on a broadband emission of symmetrical lineshape. Figure 1 , upper curve, illustrates such an spectrum, for the pressure value of 12.5 GPa. The three narrow lines dominant in the sharp emission region are attributed to the zero-phonon R-line due to 2E A2 transition and its phonon-sidebands peaked at (15090 2) cm1 , (14850 5) cm1 and (14735 2) cm1 , These lines are better seen in Fig. 2(a) , where the spectrum taken at 12.5 GPa is shown enlarged. In this figure, the open circle labels the ZPL and the diamond and square are used for the sidebands. Although the Cr3 centers in cubic, trigonal and tetragonal sites contributes to the total emission, in the spectrum taken at 12.5 GPa the R-line do not resolve into fine structures, its width at half maximum being about 30 cm1 . In addition to the sharp peaks a broadband contribution was observed at about 1100 cm1 from the R-line. At this temperature it is impossible to measure directly z since the 4T2-ZPL is not observed, being merged into the broadband. Nevertheless, we can estimate z\ assuming for the 4T2-ZPL a displacement with pressure equal to the one measured for the emission maximum. This assumption turns out to be strictly true at T = 90 K, as can be checked through the discussion following on. The 2E-ZPL shift on pressure, on the other hand, is negligible in the scale of interest. Therefore, this shift should be represented as a straight line parallel to the abssissa in an E vs P plot. Considering the ZPL positions relative to the broadband maxima as the same, regardless of the pressure value, the broadband positions can be used to define the crossing (in the lack of absolute values for ZPLs). Pursuing this idea, the broadband maxima, were plotted vs pressure in Fig E(4T2 -4A2) = E0 + cP (1) This fitting gives c = 179 cm'/GPa The dotted line in Fig. 2 (b), was drawn through the experimental points, as a guide to the eyes. Those lines cross at P = (8.0 0.2) GPa. The uncertainty in the value of P was taken as the total increase in linewidth of the MgO: V2 R-line, assumed to be due to nonhydrostaticity only. At the value Pc, = 0 and this, in turn, gives the dependence of L\ with pressure as:
= L0 + oP (2) where the value Lo = -(14.3 0.9) x 102 cm1 gives the estimated separation between 2E and 4T2 levels at ambient pressure and room temperature. Low temperature and simultaneous compression, were observed to reduce the integrated intensity of the broadband emission drastically. At T = 90 K, for instance, there was hardly any broadband emission for pressure values in the high-field region. To determine the level-crossing in this case we analyzed the sharp line spectra. Observation of line spectra was accomplished using as excitation a red line nearly coinciding with the maxima in the absorption spectrum of the Cr3+ levels. Photoluminescence measurements, PL, performed at atmospheric pressure and T = 90 K with )ex. 628.0 nm resulted in the spectrum displayed in Fig. 3 .
Sharp lines are clearly seen on the higher energy side of the broadband emission. To identify the several lines, we compare their energy with previous published data."12 The inset in Fig. 3 , shows the labelling adopted here for the most prominent structures. The symbols L and 0, are for the lower symmetry crystal fields of trigonal and tetragonal centers respectively. C stands for cubic ZPL and X for its one-phonon sideband. The energy positions of these lines, E, are listed in Table 1 Figure 4 illustrates the evolution of luminescence spectra with pressure at low temperature for which ex. 632.8 nm was used. The spectrum taken at atmospheric pressure, labeled 0.0 GPa in this figure, allows for the observation of both trigonal and cubic ZPLs, besides the broadband, from 4T2 emission. As pressure increases there is a marked decrease in the integrated intensity of the whole structure, but the narrow C-lines are always present in the spectra. Both features, broadband and C-line shift linearly with pressure, at the same rate within experimental errors, up to '--' 5 GPa. Also noticeable is the fact that the spectra remain qualitatively the same in the pressure range (0 -5) GPa. A qualitative change happens to occur at a higher pressure value with the broadband disappearing, and a sharp line spectrum arising. The highest energy peak, labelled C in the upper curve of Fig. 4 is assumed to correspond to 2E -4A2 cubic ZPL. This is consistent with the fact that higher symmetry centers emits at higher energies. The several narrow lines at lower energies have contributions from other symmetry centers. The detailed assignment of these lines is going to be discussed further on. At 90 K, the errnssion energy of cubic 4T2-ZPL is well located, allowing for the direct determination of the pressure of crossing, P. This value was found to be P = (6.2 0.2) GPa. The slopes resulting from the fittings are the same for both, the C-line and the broadband: ' = 167 cm'/GPa. From the plot we also extracted the value L\o = -(10.3 0.9) x 102 cm1 , which together with Eq. (2) and the a value given above describe the behavior of 2E -+4A2 separation energy at T =90 K. Sharp imes appear in the emission of KZnF3 : Cr3+ in the range of high-crystal--field. Figure 5 shows spectra taken at different temperatures and fixed pressure, P = 11.0 GPa, with excitation line ) = 514.5 nm. At T = 84 K the lines labeled
Si and S2 were attributed to phonon sidebands.17 The sharp lines around 15100 cm1 in the spectrum taken at T -84 K, were labeled according to the cubic, C, tetragonal,D, and trigonal, symmetry centers. Even though the majority of ions Cr3+ substitute Zn2+ in the °h site symmetry, the lower symmetry centers contribute to the emission spectra. We point out that in the case of group Oh , the electric-dipole operator has odd parity, and electric-dipole transitions between states of same parity are forbidden. As the magnetic-dipole operator is of even parity, this kind of transition is allowed between same parity states, although through a weaker process than those of electric-dipole transitions. The tetragonal C4 and trigonal C3 groups lack inversion symmetry. Hence, in the distorted sites the stronger electric-dipole transitions are no longer parity forbidden. This is the reason why, even being less abundant, the tetragonal and trigonal Cr3+ give important contribution to the emission spectra. In Fig. 5 , the lowest curve illustrates the appearance of a new sharp line on lowering the temperature to T =54 K, marked with an asterisk in the figure. Its identification will be postponed to the end of this sub-section. In Fig. 6 , spectra taken with A = 632.8 nm at a fixed pressure and three very close temperature values are presented. One observes first, that the cubic line is unique even at the lowest temperature value (T = 25 K) at P = 8.5 GPa, in contrast with the breakdown of degeneracy of 2Eg lines shown in the 54 K spectrum of Fig. 5 . It was aLso observed that this line shifts towards higher energy on lowering the temperature from 65 K to 25 K. This is surprising in the light of the behavior of electronic levels which have negligible displacements with temperature below 90 K in high-crystal-field 3d3 14 The spectrum represented in the lowest curve of Fig. 6 give the results for the energies and linewidths listed in Table 2 . It is possible to see in this Table that the positions of the lines 0 and L are considerably changed with respect to their 11.0 GPa values. This is completely unexpected based on our simplified model giving zero slope for the 2E9 +4A2g transition energies with pressure. Finally, severe broadenings are observed to occur for all 2Eg lines at 8.5 GPa as compared with higher pressure values (see Table 2 ). Non hydrostaticity conditions should not be attempted to justify these broadenings because linewidths are bigger at the lower pressure value. Also, populational effects should be discarded because the lines are broader at T = 25 K than at T = 54 K. These effects are probably a result of the mixing of electronic states 4T2 and 2Eg due to the close proximity of the crossing from low-to high-crystal-field region. 
2E-4A2 + 4E-4A2
The mixing of such states has been considered previously with a configurational-coordinate model in the harmonic approximation to describe the vibrational states of small 4T22Eg energy separation, L, in 3d3-ion systems.'4 In this model, the mixing is expressed as a superposition of electronic-vibrational wavefunctions and the spin-orbit operator is adopted as the interaction operator. The calculated zero-vibrational states energy plots show marked variations with temperature in the case of very small L. Their calculation also shows that broadening of R lines with temperature should be larger in smaller Lsystems. Their findings indicate that the anomalous spectral properties of KZnF3 : Cr3 at P = 8.5 GPa described above should be attributed to a mixing of states effect. The relative intensities of 2Eg-lines was observed to vary according to the fact that population of the upper levels diminuish on lowering the temperature, for both pressure values 8.5 GPa and 11.0 GPa. To distinguish the trigonally distorted centers emission we performed time resolved measurements.17 Being the fast emission, the pure trigonally distorted contribution could be selected from the others. Tanabe-Sugano type diagram, is shown in Fig. 7 . In this figure we adopted the convention of solid, dotted and dashed lines to represent the cubic, tetragonal and trigonal energies, respectively. The lines with non-zero slope are representative of 1'2 A2 transition energy behavior, and those parallel to the pressure axes correspond to 2E -+4A2 transitions. The linear coefficients of the curve E vs P for the 4T2 A2 transitions were obtained from previous reported data as well as the slope of 167 cm'/GPa.17 The latter was assumed to be the same value for all of the centers. The values of 2E -4A2 transition energies were taken from the spectrum of T = 84 K and P = 11 .0 GPa. In the diagram, the states 4T2 and 2E cross at P = 6.2 GPa, PE 6.5 GPa and = 7.7 GPa. The crossover point defines the transition from low-to high-crystal--field regimes. Even though oversimplified, this diagram helps to describe the otherwise complicate process of transition. Included in the upper left side of the figure, are energy-level diagrams for the crystal in the low-crystal-field regime. The counterpart diagram for high-crystal-field is found at the bottom right side of the figure. The diagrams serve to show the allowed transitions through electric-dipole process (full vertical lines) and magnetic-dipole process (dashed dotted lines). From these diagrams it is possible to scale the transitions with oscillator strength, qualitatively. The dominant oscillator strengths are related to the triply allowed (spin, electric-dipole and magnetic-dipole) transitions in the low-crystal-field regime. This is the case of 4E -4B1 transitions in C4 and 4E -4A2 transitions in C3 group. The intermediate oscillator strengths are provided by the spin-forbidden transitions 2B1 -4B1 of C4 and 2E -4A2 of C3 in the high-crystal-field regime. The weaker oscillator strengths are those of the electric-dipole forbidden transitions of Oh group. Keeping this scaling in mind it is possible to interpret the lines in Fig. 5 by identifying them with the diagrams of Fig. 7 . The results are shown in Table 2 . It is worthwhile mentioning that in the high-crystal-field regime the 2B1 state is a singlet and that there is no allowed transition from the singlet 2A1 to grownd state. As a consequence, the tetragonal centers emit only one line (identified in Table 2 ). The line labeled asterisk should not occur as a result of tetragonal center emission. It 557 0 5 is probably due to the lower energy member of the doublet 2Eg . In a first approximation it is degenerate, but the combined effect of spin-orbit coupling and axial field splits the 2E9 state into two Kr.amers doublets as in the case of the R1 and R2 lines of ruby.24 Because of strong temperature decrease of the ratio [c/I in the cryogenic region,25 the asterisk line is revealed when temperature drops to 54 K.
KZrtF3 : Co2
Several crystals like KMgF3, MgF2, KZnF3 or MgO as host to Ni2 , Co2+ , and V2 ions can, in principle, be broadly tunable in the wavelenght range from 1 .5 to 2.4 ji"5 Among those, the Co2+_doped materiaLs are unique because they allow tunability in the infrared, extending far beyond the domain of commercial tunable lasers. In KZriF3 : Co2+ a green laser line excites the absorption through the transition 4T, (4F) -+ 4T, (4P) . Electrons in the excited state decay nonradiatively to the lowest 4T2(4F) level and from there transitions, largely radiative in nature, take place to the ground state 47 (4F) and to the vibronics of these levels. It is those vibronics that are responsible for the broad tunability of these lasers. The electronic transitions involved in the absorption and emission, normally forbidden by inversion symmetry at the site of the substitutional impurity, are made possible only by a perturbation such as spin-orbit coupling, the emission cross-section and optical gain being small as a consequence. 26 The question arises as to the possibility to enhance emission, the precursor oflaser action, by changing the spin-orbit (SO), parameter, . In principle, a contraction of the lattice should change the electron orbit, thus affecting the Racah parameters and . The analytical calculation of pressure effects on , however, gives conflicting results for Ruby, through distinct functions for the relative change of the Racah parameter (B) , on pressure (P) . One of the approaches dealing on this subject gives a third order power variation of B,27'28 while others report a square root relation.29'3° A more recent theoretical treatment by Du et al., 31 shows that the change in the SO coupling parameter is smaller that the former results show. The spread of theoretical predictions calls for further investigation, including additional experiments. We obtained the pressure dependence of zero-phonon line emission of KZnF3 : Co2+ at low temperatures.'° The lines were observed to have the same slope within ' 9%. This result suggests that the SO coupling parameter do not change appreciably with the pressure. The most investigated member of the fiuorperovskite-doped family is KZnF3 : Cr3+ . In this material, however, the existence of four inequivalent sites for trivalent chromium impurities have been reported, three of them observed optically.32" The interpretation of spin-orbit spitting in this material under pressure could be obscured by the increased amount of emission lines originating from each type of site. The task is easier accomplished by selecting a single-site system that requires no charge compensation. Several newly grown divalent transition-metal complexes, like Co2+ or Mn2+ fiuorperovskites,33 or Ni2+ in similar octahedral environments,34'35 fuffill the single-site symmetry requirement, being pure cubic (Oh) . Although all those materials have spontaneous broad band emission in the infrared, by considering laser-action the number of possibilities is reduced. One of the reasons is the presence of strong excited state absorption in some of these media.36'37 The others are chemical reasons; Co2+ Mn2+ and Fe2+ are the only divalent ions strongly resistant to both oxidation and reduction.' Of these only Co2+ have been reported as laser-active to date. For those reasons KZnF3 : Co2+ was selected in the present investigation. The cobalt electronic configuration (3d7) is described by the free-ion states 4F, 4P, 4G, 2F, . . . , in order of increasing energies. Those states split in the crystal-field of the host material. For weak crystal-field the lowest free-ion energy level 4F is splitted into 4T1 , 4T2 and 4A2 levels, with 4T1 being the ground state. The main absorptions are due to the 4T, (4F) -p 4T2(4F), 4T, (4F) -* 4A2(4F) and 4T, (4F) -÷ 4T, (4P) transitions with characteristic energies of about 7 000 cmi, 15 000 c,rn and 20 000 cm , respectively. The emission bands are related to the transition 4T2(4F) -4T, (4F).38'7 The octahedral crystal-field levels are further splitted by the distortion produced by the spin-orbit interaction, into the sublevels that are represented in the diagram of Fig.  8 . The spin-orbit splitting is reduced in the 4T2 excited-state by the dynamic Jahn-Teller effect, resulting in the quasi-degenerate sublevels (F6, F8a) and (F7 and F8b), respectively. However, the matrix elements of a 4T2 -+ 4T1 transition being off-diagonal is not affected by the Jahn-Teller effect.39 The SO coupling, thus, affect the ground state spreading the 4T, over some 1 000 cm . In the diagram of Fig. 8 the sublevels were labeled after Manaa et. al. . following the same order both in the 4T2 as in the 4T, terms. The notation E i =1,2, ... , was adopted here to design the emission energies, the pure electronic transitions being represented in the figure. The transitions are basically magnetic dipole in character. Transitions involving the F7 sublevels, being magnetic dipole forbidden, were not included. The emission spectra of KZnF3 : Co2+ recorded at 20 K and atmospheric pressure is shown in Fig. 9 . A Pekarian line-shape was subtracted from the spectrum in order to emphasize the sharp-line contribution. The line positions in this spectrum are listed in Table 3 , third column. The strongest lines, marked 2 and 3 in Fig. 9 , correspond to the zero-phonon transitions E2 and E3 of the diagram in Fig. 8 . The lines labeled 7 and 8, were assumed as due to the E7 and E8 purely electronic transitions as shown in Fig. 8 . The remaining lines were interpreted in terms of phonon assisted transitions. The assignments were made by using the following arguments. The zero-phonon lines were identified by direct comparison with the previous results listed in Table 3 , fifth column, after Manaa et. al. . The overall agreement between those results and ours is excellent, the differences in energies being under 5 cm1.
In order to analyze the phonon assisted transitions we constructed the column 4 of Table 3 , estimating the values Ee a by subtracting the phonon frequencies from E, except for b. The frequency values were taken from the dispersion relation for KZnF3 of Rousseau et. al 40 with the following arguments. When the electronic states of the impurity in a crystal are coupled to the vibrations of the lattice, the emission spectrum can be interpreted by using the spectral density of states of the coupled phonon modes. The spectral density of coupled modes results from calculation of the weighted frequencies distribution function by the electron-phonon coupling strength. 41 However,  sharp peaks in the phonon density of states occur when the branches of the dispersion curves are fiat. At high symmetry points of the Brillouin zone the curves are flat, therefore, it is possible to use the dispersion relation to simplify the analysis of sidebands. Following those arguments the mean energies taken at high symmetry points in the phonon dispersion curves of KZnF3 were used for the assignments of the peaks in the spectrum. This procedure is an approximation justified by the fact that the density of states of the coupled phonon modes has maxima corresponding to the frequencies of high symmetry phonons. Spectra taken at four different pressures are shown in Fig. 10 . The spectrum marked 0.0 GPa was recorded for the sample outside the pressure cell. It is the unmodifled experimental profile taken at T = 20 K, including the multiphonon contribution. The drastic intensity decay observed on the low energy side of the broad band is caused by the germanium detector cut-off frequency. As the pressure increases the emission spectrum shifts toward higher energies, increasing the effective range of detection. As a consequence the spectrum contains additional features at higher pressures. Compare, for instance, the curves labeled 3.2 GPa and 5.7 GPa in Fig. 10 . Five lines are clearly observed in the 5 7 GPa spectrum against only three sharp lines are resolved in the lower pressure spectrum. The highest energy peak in all the P L 0 spectra, 
spin-orbit coupling
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taken outside the pressure cell.
corresponds to the overlap of zero-phonon lines 2 and 3, identified in Table 3 . Next pair of lines, at lower energies, are assigned as phonon assisted transitions, as described in the table. The upper two curves of Fig. 10 contain another pair of lines but we refer only to one of the lines, marked 13, for which it was possible to determine the pressure dependence of energy, E vs. P. The remaining features in the topmost curve were disregarded because of the minor information obtained for those lines. The lack is of no consequence here because the information so far available allow for the general behavior of emission on pressure to be established. The analysis of E vs. P for lines 4, 6 and 12 relied on a multi-line fitting to Lorentzian line-shapes, in order to determine each position. The data were best fitted to straight lines with linear coefficients, &2. The plots E vs. P for the main bands described before are given in Fig. 11 , where the circles are experimental data and solid lines are the result from the fittings.
The resulting pressure coefficients are listed in Table 3 . Observe in this table that the slopes c differ very little among the seven lines analyzed. Due to the negligible pressure shifts of phonons, we consider the phononassisted dependence as representative of the corresponding zero-phonon line behavior, to a good approximation.
This approach leads to the values c2 = 128 cm1/GPa and a3 = 139 cm1/GPa obtained from the analysis of lines 6 and 4, respectively. Comparison of those numbers with the coefficient of the composite line 2+3 indicates a domineering of the E3 vs. P component. The average of cio, au and cr12 was adopted to describe the slope of E8 vs. P, using the same type of argument. The value obtained was a8 = 131 cm /GPa. The remaining coefficient, 13 140 crn1/GPa, was taken directly from the E13 vs. P plot. Note that the several a2 values thus obtained do not differ appreciably, the percentual differences among them being below 9%. Considering that the spin-orbit parameter , is obtained from the Racah parameters and those are deduced from the energy spacings of the levels, as the spacings are kept constant with pressure, so are those parameters. This finding compares favorably with the SO interaction to be unchanged with pressure rather than any of the several functional dependence as proposed before. Notice also, in Table 3 the overall agreement between the intercepts, E02, of the curves E vs. P and the values Ee estimated as described above. The biggest relative difference does not surpasses 0.3% The agreement being excellent adds further credits to the correctness of the procedure adopted here.
CONCLUSIONS
High pressure luminescence measurements performed at several temperatures, yield the determination of the crossing of the lowest lying levels of Cr3+ in the host crystal KZnF3. The crossing pressure was determined at room temperature, on the basis of the behavior of the broadband 4T2 emission. At T = 90 K the data allowed for the observation of the cubic ZPL in the whole pressure range. These results gave the direct measurement of the separation between 2E and 4T2 zero vibrational states. The results at T = 20 K yielded the values of P,, for cubic, tetragonal and trigonal centers, respectivelly. Those values are important to the knowledge of lasing properties of solid state laser materiaLs. The emission of KZnF3 : Co2+ was studied as a function of pressure at a fixed temperature, T = 20 K. The atmospheric pressure results were used to assign several zero-phonon lines by comparison with previous measurements. The phonon-assisted transitions were identffied by using the phonon dispersion relation of the host material to estimate the resulting positions. The analysis of the pressure effects allowed for the determination of four zero-phonon line coefficients, c , which resulted in the same value within ' 9% . This fact yielded the interpretation of a constant SO coupling parameter with pressure for the cobalt levels in fluorperovskite. This result helps clarifying a long term dispute on the subject in the past.
